Ethylene oxide is a gas often used in the chemical industry. It is an intermediate in the production of ethylene glycol, which is used in synthesis of antifreeze products, polyethylene fibres, and nonionic surface active agents. Ethylene oxide is also used as a sterilant for heat sensitive products such as hospital equipment, pharmaceutical products, foodstuffs, etc. It is also a fungicide in the fumigation of books, leather, tobacco, clothing, furs, furniture and other goods. The world production of ethylene oxide exceeds 5-5 million tonnes per year.' Acute toxicity of this gas has been fully described,2 as well as its mutagenicity in vitro,3 in laboratory animals,4 and in humans.5 Its carcinogenicity has been shown in animal species.67
So far epidemiological evidence of carcinogenicity for ethylene oxide is contradictory. Four studies were published between 1979 and 1988 by Hogstedt et al S" who followed up cohorts of workers exposed to ethylene oxide. An almost ninefold increase in mortality from leukaemia and a fivefold increase in mortality from gastric cancer were the overall estimates of risk inferred by these studies. Exposure to ethylene oxide was estimated to be in the range of 5 to 20 ppm and concomitant exposure to other known animal carcinogens could not be ruled out. Two negative studies were published, by Morgan et al 12 and by Thiess et Population and methods The adopted study design is a prospective nonconcurrent cohort study. All chemical workers who obtained a temporary licence for handling ethylene oxide in the period 1938-84 were considered. This source of enrolment into the cohort was selected partly to overcome difficulties related to the usually small sample size of the workforce in the chemical industries. Ethylene oxide belongs to a group of toxic gases for which a licence is compulsory by Italian law for all workers whose job entails the handling of one or more ofthe listed toxic gases (table 1) . This law has been in effect since 1927; the licence is valid for a five year period and must be renewed if use is continued. A special commission is appointed to ascertain that the worker applying for the licence is in good physical condition and has an adequate knowledge of the specific hazards and current safety rules related to the toxic gases.
In this study being licenced for ethylene oxide is assumed to be a surrogate of exposure.
In two regions of northern Italy (Lombardia and Piemonte) complete rosters of licenced workers from (14) 79 (36) 71 (26) All non-cancer deaths 50 (6) 60 (18) 38 (9) All cardiovascular diseases 24 (1) 84 (12) 40 (5) All cancers 169 (8) 119 (18) 130 (17) All digestive cancers 224 (3) 107 (5) 147 (6) Stomach 380 (2) 53 (1) 121 (2) Intestine 399 (1) 248 (2) -(0) Pancreas - (0) - (0) 629 (3) All respiratory cancers 124 (2) 121 (7) 116 ( (1) 103 (5) 114 (5) All haematopoietic cancers 542 (3) 277 (3) -
Lymphosarcoma and reticulosarcoma
(1)
1131 (3) -
Leukaemia-aleukaemia 818 (2) - (0) - (0) kept. Almost 50% of the cohort members entered the cohort after 1975 and therefore a large proportion of total person-years are distributed in exposure and latency periods shorter than 10 years. Table 3 presents the distribution of the 76 observed deaths by groups of causes. A healthy worker effect is evident, particularly if cancer deaths in large excess are not considered. This effect seems to be mainly due to the deficit of deaths from heart diseases and non-malignant diseases of the digestive system (in particular liver cirrhosis: two observed and 9-7 expected deaths). The observed number of deaths exceeded the expected at any considered cancer site. This excess approached statistical significance for all haematopoietic cancers (six observed and 2 4 expected deaths) and reached statistical significance only for lymphosarcoma and reticulosarcoma (four observed and 0-6 expected deaths).
The trend of the SMRs by increasing duration of exposure (table 4) (27) 60 (17) All non-cancer deaths 115 (12) 98 (12) Table 7 shows some characteristics of men who died from leukaemia and lymphosarcoma or reticulosarcoma. The mean age at death was 41-3 years, the mean duration of exposure was five years, and the mean time since first exposure was 5-5 years. Causes of death on the death certificates were centrally coded as: reticulosarcoma (three cases), lymphosarcoma, unspecified lymphoid leukaemia, and acute leukaemia of unspecified cell type.
Discussion
Two thirds of cohort members were holders of a licence valid for ethylene oxide as well as for other toxic gases. Nevertheless, we believe that the increased risk for cancer among the cohort members is less likely to be attributed to these other gases, although some interaction of the effects of these substances with ethylene oxide cannot be ruled out. These gases, indeed, are known to produce severe manifestations of acute toxicity but not to act as cancer causing agents. The International Agency for Research on Cancer evaluated the carcinogenicity of six gases out of the 27 listed in Italian law (table 1) and only ethylene oxide and dimethyl sulphate were considered as probably being carcinogenic to humans. Exposure to dimethyl sulphate was associated with lung cancer24 and with melanoma25 but not with cancer of lymphatic and haematopoietic tissue.
The finding that five out of six cases of cancer of lymphatic and haematopoietic tissue were confined to the subcohort of ethylene oxide only licenced workers provides indirect evidence of the postulated higher risk of cancer in subjects occupationally exposed to ethylene oxide. Indeed, even though documentation is lacking, it is likely that among the total ethylene oxide cohort, the workers who required and obtained a licence for handling ethylene oxide only had a job title primarily related to the production or use of this gas; on the other hand, the workers who kept a licence valid for a number of gases, including ethylene oxide, had a job title not specifically related to this gas but, rather, with (table 5) could suggest some sort of bias. Removal of deceased workers from the registries and/or removal of workers licenced at an early stage of the observation period could account for both the small number of person-years during the 1940s and 1950s and the negative trend of SMR by latency. Actually it is unlikely that such a bias affected the study because the registries are filled in successively when the licence is issued and the record is fully independent of the future vital status of the worker. Furthermore five or more records are listed on each page of the registries and each record has a sequential identification code. Under these circumstances no removal of records could occur unnoticed. Production and use of ethylene oxide by the Italian chemical industries has had an exponential growth in the past decade. Only a few chemical workers were licensed during the 1940s and 1950s but some thousands were licensed later during the 1970s and 1980s. This seems to be the most plausible explanation of the time distribution of person-years in this study.
As a systematic removal of old or "dead" records from the registries would correspond to very low SMRs in the early stage of the study period, the SMR of selected causes of death by calendar period were examined (table 8) . Very high values for SMRs have been found in the early five year periods of observation when few deaths occurred but a low number of events was expected.
Mortality data have not been adjusted for smoking habits, because the relevant information was not available. It is worth noting, however, that this variable has not yet been reported as strongly associated with lymphosarcomas and leukaemia. Moreover, the cancer excess found could hardly be explained by an unlikely larger proportion of smokers among cohort members than in the general population.2829
Results of our study favour the suggested hypothesis of a higher risk of cancer in occupational exposure to ethylene oxide. In particular, we emphasise that the excess of cancers of lymphatic and haematopoietic tissue, statistically significant in this study, has been consistently found in most previous studies.
Nevertheless, given the adopted definition of exposure to ethylene oxide and the lack of information on the exposure to other industrial chemicals, our findings are not conclusive.
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